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ABSTRACT 
Swel l  i n g  o f  (CFx)n e lec t rodes  i n  commercial L i / (CFx),  c e l l s  
p resen ts  a 1 i m i  t i n g  f a c t o r  i n  c e l l  design op t im i za t i on .  Examinat ion o f  
cathodes f rom such c e l l s ,  a f t e r  discharge, r evea l s  a r e l a t i o n  between c e l l  
o p e r a t i n g  temperatures and cathode swe l l  ing.  Attempts t o  e x p l a i n  t h e  s w e l l  i n q  
u s i n g  t h e  p r e v a i l i n g  model f o r  t h e  cathode r e a c t i o n  have f a i l e d .  
A more s u i t a b l e  r e a c t i o n  mechanism i s  proposed based on t h e  observed 
behav io r  of (CFx)n e lec t rodes  on d ischarge and a comparison o f  t h e  
r e a c t i o n  p roduc ts  o f  (CFX),,, and PTFE w i t h  l i t h i u m  amalqams. The proposed 
mechanism i s  i n  agreement w i t h  t h e  exper imenta l  da ta  found i n  t h e  l i t e r a t u r e .  
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I * 
INTRODUCTION 
E a r l y  developers o f  1  i th ium-organ ic  e l e c t r o l ~ t e  c e l l s  were a t t r a c t e d  t o  
(CFx), as a  p o t e n t i a l  cathode m a t e r i a l .  Th is  a t t r a c t i o n  was based on 
c a l c u l a t e d  t h e o r e t i c a l  energy values of which t h e  most ou t s tand ing  was a 
t h e o r e t i c a l  s p e c i f i c  energy approachinq 2000 whlkq*. C a l c u l a t i o n s  o f  s o l i d  
volume changes i n  t h e  L i / (CFx)n  c e l  l s ,  based on " c r y s t a l o ~ r a p h i c "  
d e n s i t i e s ,  i n d i c a t e d  a volume r e d u c t i o n  caused b,v a c t i v e  m a t e r i a l s  
t r ans fo rm ing  i n t o  products  o f  about 35%. However, i n  p r a c t i c e ,  l oad ina  o f  
a c t i v e  m a t e r i a l s  was l i m i t e d  by  an unexpla ined severe cathode s w e l l i n g  which 
r e s u l t e d  i n  c e l l  chok ing and/or b u l g i n q  o f  f l a t  c e l l  wa l l s .  
Th i s  i n v e s t i g a t i o n  was aimed a t  t r y i n g  t o  understand t h e  cathode s w e l l i n q  
phenomenon and, i f  poss ib le ,  f i n d  a  way t o  increase t h e  a c t i v e  m a t e r i a l  
l o a d i n g  i n  L ~ / ( C F ~ ) ~  c e l l s .  The assumotion t h a t  a  "cure"  m iqh t  be found 
was based on t h e  i n t r o d u c t i o n  of t h e  so lva ted  l i t h i u m  i o n  " i n t e r c a l a t i o n "  
model by Watanabe and coworkers i n  Japan**. 
Th i s  p resen ta t i on  covers some o f  t h e  r e s u l t s  o f  t h e  f i r s t  t h r e e  stages o f  
t h i s  i n v e s t i g a t i o n :  p r e  and pos t  d ischarge teardowns o f  commercial c e l  l s ,  
l i t h i u m  amal~am r e a c t i o n  w i t h  (CFx),, a  d iscuss ion  o f  r e s u l t s  and 
p o s t u l a t i o n  o f  a  p l a u s i b l e  r e a c t i o n  mechanism. Some comments reqa rd ing  
on-going work w i l l  a l so  be made. 
* Th is  number i s  based on t h e  assumption t h a t  t h e  EMF o f  t h e  e lec t rochemica l  
r e a c t i o n  i s  between 2.8 and 2.9 v o l t s .  See - J. P. Gabano, "An OverviewN 
i n  " L i t h i u m  B a t t e r i e s "  IJ. P. Gabano ed) P. 2, Academic Press, New YorC, 
NY, 1983. 
** For  a  f u l l  p resen ta t i on  o f  Watanabe's qroup work see "Graphi te  F l u o r i d e s  
and Carbon-Fluor ine Compounds", T. Nakajima and N. Watanabe, CRC Press, 
Boca Raton, FL, 1990. 
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VOLUME CHANGES OF CATHODES I N  BR-2325 CELLS DUE TO DISCHARGE 
WET CATHODES VOLUME BEFORE DISCHARGE 
3 Volume *(Cm ) 
0.261 
0.251 
CATHODES FROM DISCHARGED CELLS 
32°F and 120°F Discharge Across a 37,500 ohm Load 
6 Volume* ( % )  
75'F D i scha rp  Across a 15,000 ohm Load 
4 Vol ume* ( % )  
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TEARDOWN O F  COMMERCIAL CELLS 
A number of commercial ce l l s  were torn down, pre and post d i scha r~e .  In 
a1 1 cases significant cathode swell ing was observed during discharqe. For 
example, the cores of pin ce l l s ,  which were easily removed from the cell  can 
before discharge, could n o t  be released without cutting the can, a f te r  
discharge. 
The most interesting observations were made in button ce l l s  where special 
provisions were made to accommodate cathode swelling. 
Most s ignif icant  were resul ts  obtained from measurements of the dimensions 
of (CFx), cathodes from button ce l l s  before and a f t e r  discharge a t  
different  temperatures, fo r  example, the resul ts  obtained from BR2325 ce l l s .  
Considering that  manufacturer I used a propylene-carbonate ( PC) - 
dimethoxyethane (DME) solutions and manufacturer I1  used a 4-butyrolactone 
( G B L )  solution and that  the obtained cell  capacities were similar,  one i s  hard 
pressed to  claim a major impact of solution composition on swelling. 
However, a clear trend regarding the degree of swelling and i t s  relation 
to  temperature and perhaps rate  of discharge i s  apparent. 
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l b r  bchnology Resources MICROSCOPY OF REACTION PRODUCTS 
O r i  gi nal (CFx), Powder 
RT h a 1  gam Reaction .Product 
60' C Amal gam Reaction Product 
T h t a  Lchnoiogy Resources 
SEM MICROGRAPHS OF DISCHARGE PRODUCTS 
Ori gi nal ( CFX),, Powder 
60 C Amal pm Reaction Product 
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SEM MICROGRAPHS OF DISCHARGE PRODUCTS ( Cont. ) 
RT Amal gam Reaction Product 
RT Reaction Product From L i  / lM LiAsF6 i n  DMSI 
(CFx), Hg C e l l  
-484- 
LITHIUM AMALGAM REACTIONS WITH (CF,), 
Dousek and coworkers have inves t iga ted  the  r e a c t i o n  o f  PTFE, a s i m i l a r  
f luorocarbon,  w i t h  l i t h i u m  amalgams*. They repor ted t h a t  t h e  reduct ion  
proceeded by l i t h i u m  ions and e lec t rons  m ig ra t i on  t o  C-F r e a c t i o n  s i t e s  
through the  polymer wi thout  i n v o l v i n g  t h e  solvent .  
Attempts t o  run  a s i m i l a r  experiment by  submerging (CF,In i n  a l i t h i u m  
amalgam f a i l e d .  However, (CFXln powder spread over t h e  amalgam surface, 
i n  a c o n t r o l l e d  atmosphere box under argon, s t a r t e d  r e a c t i n g  and t u r n i n g  f i r s t  
gray and u l t i m a t e l y  black a t  room temperature. 
A s i m i l a r  experiment was run by p lac ing  (CFx), powder on. t h e  amalaam 
i n  a sealed vessel and s t o r i n g  i t  a t  60°C. 
The r e a c t i o n  products from both reac t ions  were examined under t h e  
microscope and by SEM. The room temperature product cons is ted  of a f i n e r  
powder w h i l e  t h e  60°C product appeared more coarse. 
SEM micrographs o f  bo th  r e a c t i o n  products showed opening o f  t he  fCFxln 
layers  and small c r y s t a l l i t e s  i n  t he  openings. It aDpears t h a t  more and 
b igge r  c r y s t a l 1  i t e s  formed i n  the  h igh  temperature product.  Note a lso  t h e  
s i m i l a r i t y  between the  SEM micrographs o f  (CFx)n discharqed, w i t h  Hg as a 
cu r ren t  c o l l e c t o r  and a 1M LiAsF6 so lu t ion ,  vs l i t h i u m  and the  SEM 
micrograph f o r  t he  room temperature amalgam r e a c t i o n  product.  
* Dousek and coworkers publ ished a number o f  papers on t h i s  subject .  Of 
p a r t i c u l a r  i n t e r e s t  should be: 
1. F. P. Dousek and J. Jansta, Electrochemical Acta, 20, 1 (1975). 
2. F. P. Dousek and J. Jansta, Carbon, 18, 13 (19801.- 
3. L. Kavan, F. P. Dousek, D. Micka a n d J .  Weber, Carbon, 26, 235 (1988). 
-
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ELECTROCHEMICAL REDUCTION OF 
PTFE AND (CFX)" BY LITHIUM 
PROPOSED MECHANISMS 
PTFE (Dousek e t  a1 ) 
[- CiC-Ih-) t o  more ordered form 
LiF.-)to l a r ~ r  crystals 
fast 
Li +PTFE----$ 
(CFX)n  by analogy 
n Li + ( C F W C C F L ~ I ~ ~ L ~ F  + nC 
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F F F  
I l l  
- C - C - C  - 
I l l  
F F F  
slow 
.-)L~F+ (-c,:c-ln 
DISCUSS ION 
These r e s u l t s ,  t he  Li /(CFx)n l i t e r a t u r e  and Dousek's work on the  
electrochemical reduct ion  o f  PTFE by l i t h i u m  amalaam suggest t h a t  both 
f luorocarbons r e a c t  s i m i l a r l y  w i t h  1  i t h i u m  amalgams. 
I n  t h e  case o f  PTFE, l i t h i u m  ions migrate through t h e  s o l i d ,  e lec t rons  
migrate through t h e  carbon chain, c r y s t a l l i t e s  o f  L i F  are formed and t h e  
carbon chains attempt t o  form carbon r i n g s  i f  not  small graphene layers.  
X-ray d i f f r a c t i o n  i nd i ca tes  t h e  presence o f  L i F  but  "no carbon". Ac t i ve  
carbon released by room temperature removal o f  t h e  L iF  i s  s o f t  and springy. 
When L i F  i s  re leased by melt ing, t he  remaining carbon i s  more coarse. Most 
noteworthy are  t h e  observat ions tha t :  
- R e s i s t i v i t y  measurements on PTFE reac t ion  products i n d i c a t e  an 
exponenti a1 decl i n e  s t i  11 measureable about a  year a f t e r  t h e  mater ia l  
was formed. 
- The r a t e  o f  L i F  c r y s t a l  growth and decreasing r e s i s t i v i t y  a re  a lso 
temperature dependent. 
A s i m i l a r  mechanism can be proposed f o r  t he  cathode r e a c t i o n  i n  L i / (CFx) 
c e l l  assuming t h a t  t he  chemical step fo l lowing the  e lectrochemical  s tep i s  
a l s o  slow. 
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MARGRAVE 
THERMODYNAMIC AND Eo VALUES FOR THE REACTION 
XnLi + (CF,). 4 XnLiF + xnC 
THERMODYNAMIC AND EO VALUES FOR EQUATION 
X - AGO298 -~SO298 E O 
i n  CF kJ/mol e J/mole K Vol t s  
EBEL AND KIESTER 
HEAT RELEASED BY NOW-ELECTROCHEMICAL PROCESS 
Current 
* Estimated from graph 
* Extrapol ated 
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Such a mechanism could exp la in  the  apparent "anomaly" reported by Ebel and 
K e i s t e r  regard ing t h e  heat released by a LiI(CFx), c e l l  due t o  non 
electrochemical process(es) dur ing discharge*, They re00r ted  t h a t  t he  heat 
per  mole evolved b y  such process(es) increased as t h e  cu r ren t  decreased 
approaching a value pred ic ted on the  basis o f  Marqrave's thermodynamic 
calculat ions** .  As t h e i r  cur rents  went down t o  values below 50 A one could 
assume t h a t  they were d ischarging t h e i r  c e l l  slow enough so t h a t  a s i a n i f i c a n t  
amount o f  t h e  forming intermediate decomposed du r ing  discharqe. As the  r a t e  
o f  discharge increased, less  heat per mole was generated by these processes 
du r ing  discharge. 
The slow decomposing intermediate model a lso helps i n  understanding how 
c e l l s  surv ive  r e l a t i v e l y  h igh  r a t e  discharges and are  no t  destroyed by t h e  
amount o f  heat which must be released by  t h e  non electrochemcial processes. 
The i m p l i c a t i o n  o f  t h i s  proposed r e a c t i o n  mechanism i n  terms o f  heat 
management and p re fe r red  discharge regimes are i n t e r e s t i n g  bu t  go beyond t h e  
scope o f  t h i s  presentat ion.  
S t i l l  X-ray d i f f r a c t i o n  does not  show t h e  presence o f  a rCFLi1 e n t i t y  on 
t h e  surface o f  t he  discharge product composite n e i t h e r  i n  the  case o f  
(CFx), nor  i n  t h e  case o f  PTFE. The quest ion remains, how does t h e  
l i t h i u m  i o n  reach C-F reac t i on  s i t e s  i n  bo th  cases a f t e r  t h e  intermediate on 
s u r f  ace 1 ayer has decomposed. 
* S. J. Ebel and P. K e i s t e r  i n  "Proceeding o f  t h e  Electrochemical Society 
Meeting" Las Vegas, October 1985, Abstract  91. 
** For a d e t a i l e d  account o f  Margrave's work see - 3. L. Wood, A. 3. Valerga, 
R. B. BaLachhope, and J. L. Margrave. ECOM-0105F (A0 755934), F i n a l  
Report, December 1972. 
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PROPOSED MECHANISM 
STEP 1 : Li th ium i o n  enters through carbon. 
STEP 2: L i th ium i o n  reaches C-F react ion s i t e .  
STEP 3: Intermediate formation. 
STEP 4: Intermediate decomposi ti on. 
STEP 5 :  Growth o f  L i F  c r ys ta l  1 i t e s  and ordering of carbon. 
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PROPOSED MECHANISM 
We propose that  a f t e r  the surface of the fluorocarbon is  covered with 
carbon and LiF, lithium ions proceed to enter the composite solid reaction 
product through the carbon. Indeed the more ordered the product carbon i s  the 
f a s t e r  l i t h i u m  ions should m i  grate through i t ,  hence, the preference for  
re la t ive ly  ordered carbons for  the production of (CFx)" .  
Electrons entering through the carbon skeleton and 1 ithium ions migrating 
through the carbon can reach reaction s i t e s  and form the intermediate. 
The intermediate will decompose into carbon and LiF a t  a ra te  depending on 
temperature. The nature of the resultant composite, i .e .  s i ze  of LiF 
crystal  1 i tes  and the degree of order of the carbon, will depend on the 
temperature history of the reaction and the stored reaction product. 
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ONGOING WORK 
1. T e s t i n g t h e  " l i t h i ummov ing th rough  carbon" hypothesis. 
2. Exaninin g ( CFx),, powder d i s c h a r p d  a t  d i f f e r e n t  temperatures. 
3.  S t a r t i n g  t o  look f o r  "post d i s c h a r p "  heat generation. 
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CONCLUSION 
6 I t  appears that cathode swelling in Li/(CF,), ce l l s  i s  a result 
of chan g?s i n  particles morphology during dischar 9. 
o Electrodesswelling, at least incommercial  bu t tonce l l s ,  appears to 
be temperature dependent. 
o The postulated mechanism seems to explain available data. 
o The chal len gz remains - can the swell i n  9 of (CF,), cathodes 
during discharge be reduced so as to allow s i  gnifically better 
performance of Li /(CFXln cells .  
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